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MIRROR ASSEMBLY WITH ILLUMINATING MEANS 

Cross References to Related Applications 

This patent application is a continuation-in-part of 
pending United States Patent Application Serial No. 07/694,884 
filed on May 2, 1991, which is a continuation-in-part of 
United States Patent Application Serial No. 07/482,254 filed 
on February 20, 1990 and now issued as U.S. Patent No. 
5, 014, 167. 

1. Field of the Invention . The present invention 
relates to a mirror assembly having a wide variety of uses, 
but which has particular utility when mounted on, and 
electrically coupled with, the controls of an overland vehicle 
and the like; the invention including a combination mirror 
assembly and signaling apparatus which may operate as an 
auxiliary brake lamp or turn signal in overland vehicles such 
as passenger automobiles, light trucks or the like. 

2. Description of the Prior Art . The beneficial 
effects of employing auxiliary, or so-called "third" brake 
lamps has been known for some time. For example, studies 
suggest that overland vehicles equipped with auxiliary brake 
lamps which are located in particular positions may be less 
likely to become involved in rear-end collisions. Similar 
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benefits are likely to stem from the use of auxiliary turn 
lamps. More particularly, federal law mandates that new 
automobiles and light trucks or utility vehicles include an 
auxiliary or third brake lamp which is mounted substantially 
along the longitudinal axis of same and oriented rearwardly of 
the passenger compartment. In most instances, the auxiliary 
brake lamps are positioned inside the passenger compartment 
and displayed in the rear windscreen thereof. These lamps are 
often referred to as a CHMSL (Center High-Mounted Stop Lamp) . 
Occasionally, however, and due to design considerations, an 
auxiliary brake lamp may, alternatively, be mounted in a 
housing which is fixed to the trunk or the like. Such an 
arrangement is used in the case of convertibles, for example. 

While these auxiliary brake lamps generally operate 
in the manner intended, that is, to provide a visual signal 
when the brakes are applied, the means by which these 
auxiliary brake lamps have been mounted on overland vehicles, 
and more particularly passenger automobiles wherein the 
auxiliary brake lamps are mounted in the rear windscreen 
thereof, have generally been considered to detract from the 
stylish appearance of the most recently manufactured 
automobiles. Further, and when the auxiliary brake lamp is 
mounted in a position exterior to the passenger compartment, 
the auxiliary brake lamp and its associated exterior housing 
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detracts from the surrounding design features of the 
automobile and which normally include smooth substantially 
continuous lines which tend to give the vehicle an overall 
aerodynamic appearance. Further, the housing of this assembly 
provides an obstruction to the rearward view of the operator, 
therefore presenting a safety hazard, and further causes more 
drag and often generates wind noise. In addition, these 
housings are prone to obstruction during periods of heavy 
snowfall, are not conspicuous from locations which are 
adjacent to and rearwardly of the overland vehicle, and are 
easily obscured by towed vehicles such as boat trailers, 
camper trailers, and the like. 

In addition to the foregoing, a convenient means for 
mounting an auxiliary brake lamp on light trucks has not been 
developed. Moreover, and in overland vehicles such as 
tractor-trailer combinations, an auxiliary brake lamp has not 
been employed with same. However, operators of such vehicles 
have long recognized a need for additional brake lamps which 
could signal an operator of an adjoining vehicle, which may be 
following closely or passing, that the tractor-trailer is 
braking, turning or otherwise preparing to change lanes. This 
would be particularly helpful when the adjoining vehicle 
passing the tractor- trailer is positioned between the rear of 
the trailer and the towing tractor, respectively, and in an 
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area which could be out of the view of the tractor-trailer 
operator as he employs his exterior side view mirrors to look 
rearwardly . 

The manufacturers of overland vehicles have 
approached the problems related to the function and appearance 
of auxiliary brake lamp assemblies by designing brake lamps 
having lower relative profiles and by making other automobile 
body design changes wherein the auxiliary brake lamp is not as 
visibly apparent when one views the automobile. However, such 
design modifications have not been completely satisfactory 
with respect to aesthetic, and other design considerations, as 
well as with regards to the intended operation of these same 
devices. More particularly, these devices, in order to be 
effective, must be conspicuous. This, of course, is contrary 
to the desire of automobile designers who wish to produce 
automobiles which have a low-profile and an aerodynamic 
appearance. Moreover, and with respect to the earlier 
identified problems related to light trucks, and tractor- 
trailer combinations, it should be understood that, with 
respect to light trucks, loads placed in the beds thereof 
could conceivably obscure such auxiliary brake assemblies if 
they were mounted in a fashion similar to that used for 
passenger vehicles. Moreover, commonly employed equipment. 
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such as camper shells and roll bars also tend to obscure such 
center mounted brake lamps. 

Furthermore, additional problems analogous to the 
mounting of the auxiliary stop lamps exist with respect to 
various interior warning lights and displays. For example, 
designers of the interior portions of automobiles have 
endeavored^ through the years, to create stylized, low- 
profile, and streamlined consoles, and various instrument 
clusters and accessories for use by the operator, and 
passengers, of various overland vehicles while simultaneously 
presenting or placing critical information in a conspicuous 
location. Freguently the desire for an aesthetically 
appealing console arrangements was at odds with the need to 
present critical information in a conspicuous location. These 
efforts to design aesthetically appealing consoles or 
instrument clusters have included, but are not limited to, 
reducing the size and lowering the profile of the console 
areas; mounting various warning lights in the console in such 
a fashion that they cannot be seen except when they are 
energized or otherwise activated; decentralizing the warning 
lights to assorted different locations in the vehicle such as 
to the areas of the doors and roof of the passenger 
compartment; and using assorted electronic displays, to 
display information of interest to the occupants of the 
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overland vehicle. The overall design process, however, 
frequently resulted in instrument clusters being somewhat 
obscured or otherwise difficult to see, particularly for 
individuals with impaired vision. 

While these assorted interior design changes have 
operated with varying degrees of success relative to styling 
considerations, they have often presented difficulties for 
some operators. For example, some console, or instrument 
cluster displays, and especially consoles which are entirely 
digital, may be difficult for some operators to read under 
particular environmental lighting conditions. Furthermore, 
some operators of these same vehicles complain that these 
digital displays are often distracting during the operation of 
the vehicle due to the constantly changing displays, and the 
close proximity of the several displays, one to the others. 
Further, operators of such vehicles may have difficulty 
quickly locating particular instruments, such as a clock, or 
vehicle compass, for example, when such information is 
displayed in close proximity to other instruments in the same 
instrument cluster. In addition to the inconvenience noted 
above, these console arrangements may actually inhibit an 
operator from detecting problems or malfunctions, such as when 
an operator leaves a flashing directional light activated, 
perhaps for miles, before detecting its presence, and taking 
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corrective action. Moreover, an operator may, from time-to- 
time, divert their attention from their driving activities for 
an unsafe period in an attempt to locate particular 
information. This, of course, can present numerous hazards to 
the safe operation of the vehicle. 

other attempts have been made in the prior art to 
solve the problems noted above by employing various optical 
means which operate to combine images of various instruments 
and place these same images within the field of view of the 
operator. This is accomplished by placing the desired 
instruments or displays within the rearview mirror housing. 
In this latter instance, the mirror characteristics of such 
devices have typically been compromised in some fashion to 
allow the instrument image to emanate from the housing and 
through the mirror surface to the operator's eyes. Such 
compromises take on a number of different forms. For example, 
one such compromise includes etching a clear and discrete 
window in the mirror or otherwise masking off a discrete 
window prior to the silvering process such that the instrument 
to be displayed is readily visible when placed in the window. 
This technique is shown in the patent to Pastore, U.S. Patent 
No. 4,588,267. While this technique is of some use, as a 
general matter, mirror performance is substantially 
compromised with each separate indicia or instrument to be 
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displayed, that is, each area of the mirror which includes a 
discrete window does not function properly as a mirror. In 
addition, the aesthetic appearance of these modified mirrors 
are severely degraded. More particularly, each discrete 
window appears as a blemish, or at best, a crude discontinuity 
in the manufacture or design of same. 

In addition to the foregoing the prior art 
illustrates other assemblies which combine indicia, or 
instruments, within mirrors and which suffer from other, 
equally debilitating drawbacks. For example, and in the 
device shown in the patent to Pastore, U.S. Patent No. 
4,630,904, mirror discontinuities are eliminated by employing 
what has been termed a tinted glass plate, or "two-way" 
mirror. In this particular device the tinted glass plate is 
not a particularly good reflector and therefore not useful as 
a rearview mirror. For example, a polished glass reflector 
such as specified by Pastore typically has an average visible 
spectrum reflectivity of approximately 4% from each surface, 
while the minimum useful reflectivity for center rearview 
mirrors is approximately 70%. Furthermore, the regulations of 
the Federal Government require that vehicle mirrors must have 
a visible spectrum reflectivity of 35% or more. Further, 
assuming that polished tint glass could be modified in some 
fashion as by using a neutral, half -silvering process to 
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improve reflectivity, the mirror performance would continue to 
suffer the drawbacks noted above. That is, a tinted, half- 
silvered mirror continues to be a relatively poor reflector 
and is an inefficient transmitter. 

Therefore, it has long been known that it would be 
desirable to have an improved mirror assembly for an overland 
vehicle and which is adapted to be mounted on the vehicle and 
which does not detract from the stylish appearance thereof, 
and which further does not substantially inhibit the rearward 
view of the operator or the overall function of the rearview 
mirror, the mirror assembly mounted within the line of sight 
of an operator, and providing a visual signal similar to that 
provided heretofore by an auxiliary brake lamp or various 
warning lamps or instrument clusters, and which further may be 
rendered operable to provide directional signaling information 
to vehicles following adjacent thereto or information to the 
operator, and which further acts as a rearview mirror for the 
same vehicle, the apparatus being both inexpensive to 
manufacture and sell and characterized by a compact, 
aesthetically pleasing appearance. 
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SUMMARY OF THE INVENTION 

Therefore it is an object of the present invention 
to provide an improved mirror assembly. 

Another object of the present invention is to 
provide a mirror assembly which may be manufactured and 
installed as original equipment on overland vehicles or the 
like, or which may further be manufactured in the manner of a 
retrofit. 

Another object of the present invention is to 
provide a mirror assembly which may be readily installed or 
integrated with other mirror technology such as motorized 
actuators; heater elements; and films of various types, 
including electrochromic diiuning films, or traditional mirrors 
which have been altered to provide a means by which light may 
escape from the mirror housing and be viewed by an observer. 

Another object of the present invention is to 
provide a mirror assembly which is readily adaptable to most 
all models and designs of commercially available overland 
vehicles. 
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Another object of the present invention is to 
provide in one form a mirror assembly which operates as a 
combination rearview mirror and brake lamp or directional 
signaling lamp. 

Another object of the present invention is to 
provide a mirror assembly which includes an electronic circuit 
which is operable to step-up the voltage supplied to the 
mirror assembly thereby energizing same. 

Another object of the present invention is to 
provide a mirror assembly which includes an electronic circuit 
which steps-down the voltage supplied to the mirror assembly 
thereby energizing same. 

Another object of the present invention is to 
provide in one form of the invention a mirror assembly which 
operates to provide a plurality of visual signals, and wherein 
at least one of the signals is selectively obstructed or 
blocked by a baffle assembly thereby causing the selected 
visual signal to be seen, when energized, only from a position 
along a transmission path which is outside of the line of 
sight of an operator- 
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Another object of the present invention is to 
provide a mirror assembly which includes at least one 
prismatic lens, and wherein the prismatic lens is operable to 
bend or otherwise direct the light emitted by the mirror 
assembly along a predetermined transmission path. 

Another object of the present invention is to 
provide a mirror assembly which includes an electronic circuit 
which is made integral with a circuit board, and wherein the 
circuit board may be utilized in mirror assemblies which are 
mounted on opposite sides of an overland vehicle. 

Another object of the present invention is to 
provide a mirror assembly which includes a dichroic mirror 
which is operable to reflect ambient visible light and which 
further selectively passes predetermined wavelengths of light. 

Another object of the present invention is to 
provide a mirror assembly which is operable to obtain the 
individual benefits to be derived from related prior art 
devices while avoiding the detriments individually associated 
therewith. 

Further objects and advantages are to provide 
improved elements and arrangements thereof in a mirror 
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assembly for the purposes Intended, which is dependable, 
economical, durable and fully effective in accomplishing these 
intended purposes. 

These and other objects and advantages are achieved 
in a mirror assembly and wherein, in the preferred embodiment, 
the mirror assembly includes an enclosure having an aperture; 
a dichroic mirror borne by the enclosure and substantially 
occluding the aperture and adapted selectively to pass and 
reflect light in predetermined wavelengths; and means borne by 
the enclosure for emitting light in the wavelengths passed or 
transmitted by the dichroic mirror, and wherein the dichroic 
mirror is both an excellent reflector of ambient visible light 
and an excellent transmitter of the predetermined wavelengths 
of light generated by the emitting means, or received by the 
receiving means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial environmental, perspective view 
of the mirror assembly of the present invention, showing the 
mirror assembly mounted as a side view mirror on the driver 
side of an overland vehicle. 



wo 94/12368 



PCT/US93/11747 



14 

FIG. lA Is the mirror assembly as shown in FIG. 1, 
the mirror assembly being illustrated as it would appear when 
it provides a brake signal which is visible to a person 
located outside of the overland vehicle. 

FIG. IB is a mirror assembly as shown in FIG. 1, the 
mirror being illustrated as it would appear when it provides a 
left turn signal which is visible to a person located outside 
of the overland vehicle. 

FIG. IC is a mirror assembly similar to that shown 
in FIG. 1 but which is mounted on the opposite side of the 
overland vehicle from that shown in Fig. 1, the mirror being 
illustrated as it would appear when it provides a right turn 
signal which is visible to a person located outside of the 
overland vehicle. 

FIG. ID is an environmental perspective view of the 
mirror assembly of the present invention shown mounted on an 
overland vehicle of conventional design. 

FIG. IE is a plan view of the present invention 
shown in an operative embodiment of an overland vehicle and 
wherein the underlying surfaces have been removed for 
illustrative convenience. 
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FIGS. 2A and 2B collectively represent an exploded 
perspective view of the mirror assembly showing the 
disassembled parts thereof. 

FIG. 2C represents a perspective view of the mirror 
assembly showing the underlying structures thereof in phantom 
lines. 

FIG. 3 is a partial, vertical, cross-sectional view 
of the mirror assembly showing the assembled parts in 
relationship one to another. 

FIG. 4 is a top plan view of the circuit board of 
the mirror assembly of the present invention as adapted to be 
used on the driver side of an automotive vehicle, with the 
light-emitting diodes removed. 

FIG. 5 is a bottom plan view of the circuit board of 
the mirror assembly of the present invention as adapted to be 
used on the driver side of an automotive vehicle, with the 
light-emitting diodes installed. 

FIG. 6A is a somewhat enlarged, side elevational 
view of one of the hexagonal reflectors employed in the 
present invention. 
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FIG. 6B is a top plan view of one of the hexagonal 
reflectors employed in the present invention. 

FIG- 6C is a bottom plan view of one of the 
hexagonal reflectors employed in the present invention. 

FIGS. 7, 8, 9, and 10 collectively represent a 
schematic diagram of the circuitry which may be employed with 
the present invention, and wherein the voltage is stepped up. 
Three separate circuit boards are employed in this form of the 
invention. 

FIGS. 7, 8, 10, and 11 collectively represent an 
alternate schematic diagram of circuitry which may be utilized 
with the present invention, and wherein voltage is stepped 
down. Three separate circuit boards are employed in this form 
of the invention. 

FIGS. 12, 13, and 14 collectively represent a third 
alternate schematic of circuitry which may be utilized with 
the present invention, and wherein voltage is stepped up. A 
single circuit board is employed in this form of the 
invention. 
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FIGS. 12, 13, and 15 collectively represent a fourth 
alternate schematic of circuitry which may be used with the 
present invention, and wherein voltage is stepped down, and a 
single circuit board is employed. 

Detailed Description of the Preferred Embodiment 

With reference to the drawings^ a mirror assembly in 
accordance with the present invention is shown generally at 
numeral 10 in FIGS. 1, lA, IB, IC, 2A, 2B, 2C, and 3, 
respectively. The mirror assembly 10 operates as a 
conventional mirror, such as a side rearview mirror as 
depicted in FIG.l, when viewed from a first direction by, for 
example, a driver or passenger seated in an overland vehicle 
11. When viewed from a position external to the vehicle 11, 
the mirror 10 operates as a signaling or warning device, such 
as a brake lamp (as depicted in FIG. lA) , a left turn signal 
(as depicted in FIG. IB), or a right turn signal (as depicted 
in FIG. IC) . 

For illustrative convenience, the mirror assembly 10 
which is shown and described herein is discussed as it would 
be configured if it were installed on the overland vehicle 11 
of conventional design (FIG. ID) and wherein the mirror 
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assembly 10 may be mounted on the vehicle 11 in place of a 
side view mirrors which are located on the exterior surface of 
the vehicle 11 on either the driver side, the passenger side, 
or both. It is to be understood, however, that the invention 
may be applied in numerous other mirror applications. 

As best illustrated by reference to FIG. 1, the 
mirror assembly 10 which is located on either the driver side, 
or passenger side of the subject invention, is mounted on an 
overland vehicle 11 of conventional design having a front end 
or forward portion 12, and a rear end or portion 13. The 
overland vehicle 11 has a passenger compartment 14 which 
includes a front seat 15 and which further defines a position 
20 for an operator. The overland vehicle 11 also includes 
front and rear windscreens 21 and 22, respectively, and 
further has a longitudinal line of reference 23, a steering 
wheel 24 and a brake pedal 25. The mirror assembly 10 is 
mounted on either side of the overland vehicle and in a 
position exterior to the passenger compartment 14 . A rearview 
mirror 26 is mounted in a position on the interior of the 
passenger compartment. The overland vehicle 11 further has a 
hand operated directional signaling switch 2 7 which is 
electrically coupled with a directional signaling assembly 
(not shown) and which provides a visual signal which may alert 
drivers of other vehicles in the immediate vicinity that the 
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overland vehicle 11 is about to change directions, turn, 
change lanes, etc. 

As best understood by a comparative study of Figs. 
ID and IE, an operator 30 when located in the drivers position 
20, has a field of view which extends approximately 180° from 
the position of the operator toward the forward portion 12 of 
the vehicle. Further, and by using the pair of mirror 
assemblies 10 which are located on the driver side and the 
passenger side, respectively, the operator 3 0 may, by looking 
along predetermined lines of sight, view areas beyond his 
normal field of view, and rearwardly of the driver position 
20. In particular, and as best illustrated by reference to 
FIG. IE, the operator 30 has a first line of sight 31, which 
extends from the operator 30, to the rearview mirror 26 and 
which permits the operator to view rearwardly of the vehicle 
11 and substantially along the longitudinal line of reference 
23. The operator 30 further has a second line of sight 32 
which extends from the operator to the mirror assembly 10 on 
the left or driver side of the vehicle 11 and rearwardly 
thereof 35 and which permits the operator 3 0 to view 
rearwardly of the overland vehicle along a line of sight which 
is somewhat generally parallel to the longitudinal line of 
reference 23. Furthermore, the operator has a third line of 
sight 33 which extends from the position 20 to the mirror 
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assembly 10 on the passenger side and rearwardly thereof 35A, 
It similarly permits the operator 30 to view along the 
longitudinal line of reference and rearwardly of the overland 
vehicle. The zone labeled 38 generally represents the areas 
which an operator may view rearwardly of the vehicle when 
he/she views along the first line of sight 31. 

As best illustrated in FIGS. 2A and 2B, the mirror 
assembly 10 comprises a dichroic mirror 50, a baffle assembly 
52, a first prismatic lens 54, a second prismatic lens 56, an 
array of convexo-convex lenses 58, a plurality of hexagonal 
reflectors 60, a light source 62, and a circuit board 64, 
These parts are mounted within a frame 66 on the exterior 
surface of the vehicle 11. The frame 60 defines a cavity 68. 
The mirror assembly 10 is no different in its exterior 
appearance from that of a standard side view mirror as shown 
in FIG. 20. The mirror assembly 10 also includes circuitry 
which is explained in greater detail below. 

The dichroic mirror 50 is a semi-transparent mirror 
which selectively passes and reflects light having 
predetermined wavelengths. As explained in greater detail 
hereinafter, the light source 66 is operable to produce 
artificial light having the wavelengths including the band 
from 600 to 700 nanometers and which corresponds with the 
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visible spectrum color red. Of course, should a different 
visible color or non-visible spectral band be desired, then a 
different dichroic mirror would be selected which would 
preferentially transmit or pass the wavelengths corresponding 
with the spectral band color selected. As should be 
understood, the dichroic mirror 50 is operable to transmit or 
pass wavelengths which predominately fall within a narrow 
spectral band which is not greater than 150 nanometers in 
width- The dichroic mirror 50 has a first or forward facing 
surface 70, a second or rearwardly facing surface 72, and a 
peripheral edge 74 which closely fits cavity 68 of the frame 
66 thereby substantially occluding the cavity 68 . This 
dichroic mirror construction essentially inhibits any light 
leakage from the light source 70 which is mounted internally 
of the cavity 68. Suitable dichroic mirrors are manufactured 
by Optical Coating Labs of California which is located in 
Santa Rosa, California. 

It should be understood that the light source 66 
must be operable to produce wavelengths of light which are 
substantially "matched," that is, having wavelengths which are 
substantially similar to the peak wavelength transmittance 
characteristics of the dichroic mirror 50 and which is mounted 
on the enclosure 50 and disposed in substantially occluding 
relation relative to the cavity 68. For purposes of this 
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invention the terms "transmit" or "transmittance" shall mean 
the passage of electromagnetic radiation through an associated 
mirror. Further, the term "pass or passage" shall also 
describe this same phenomenon. In the present form of the 
invention, the light source 62 is operable to produce 
artificial light having wavelengths which include the 600 
through 700 nanometer range, and which manifests itself by 
producing the color red. The invention, however, is not 
limited to the peak wavelengths recited herein, but may 
further be used with any number of wavelength combinations 
such that any visual spectrum colors can be seen or any 
invisible spectral bands may be emitted. Further, it has been 
found that the preponderance of visible light emitted by the 
light source should reside in a band not greater tlian 150 
nanometers wide. Moreover, the present invention could 
include more than one lighting source, each of which produces 
individually discrete spectral bands of light. In this 
situation, however, a dichroic mirror would be employed which 
would include discrete areas whose transmission 
characteristics were individually "matched" to the light 
sources immediately adjacent thereto. 

The light source 66 includes a modular LED (light 
emitting diode) array or a bank of LEDs 76 which are 
individually mounted on the circuit board 64 and which produce 
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artificial light having wavelengths which include the 600 
through 700 nanometer band, LED's may be manufactured which 
produce other wavelengths or colors, such as amber, green, or 
infrared, however, in such a case, the dichroic mirror 
employed with same would include discrete areas whose 
individual transmission characteristics would be substantially 
"matched" to the wavelengths of light which are emitted by the 
LEDs which are immediately adjacent thereto, A commercially 
available LED which fits these performance characteristics is 
manufactured by Mitsubishi Cable Industries Ltd. of Tokyo, 
Japan under the trade designation "MLy2-RN05 through MLY2- 
RN20". Another commercially available LED includes the HLMP- 
103 and which is manufactured by Hewlett Packard of San Jose, 
California, The commercially available LEDs, which are noted 
above, have high efficiency and are ultra-radiant red LEDs 
which have a narrow viewing angle and a peak wavelength which 
falls within the 600 through 700 nanometer band. Each of the 
respective LEDs 76 have a transmission path which is oriented 
in a direction perpendicular to the circuit board 64. 
Suitable electrical leads 78 would electrically connect the 
bank of LEDs with the braking, or signaling assembly, power 
supply or other control circuitry of the vehicle (not shown) 
as appropriate. 
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The circuit board 64 has a forwardly facing or top 
surface 80, a rearwardly facing or bottom surface 82, and a 
peripheral edge 84 which is shaped to fit within the cavity 
68. FIG. 4 illustrates the top plan view, and arrangement of 
the circuit board for the case of the mirror assembly 10 which 
is used on the driver side of the vehicle. The electrical 
leads 78 are oriented on the right side of the circuit board 
and facilitate wire routing to the braking, signaling 
assembly, power supply, or other control circuitry of the 
vehicle 11. FIG. 5 shows the bottom plan view of the same 
circuit board. It is to be understood that a circuit board 
which is used on the passenger side of the vehicle is a minor 
image of that used on the driver side and which is represented 
in the drawings. The electrical leads 78 are oriented on the 
left side of the circuit board and facilitate wire routing to 
the braking, signaling assembly, power supply, or other 
control circuitry of the vehicle 11. Referring more 
particularly now to FIG. 5, the array or bank of LEDs 76 are 
generally mounted on the forwardly facing surface 80 in a 
generally hexagonal dispersion pattern. As will be discussed 
in greater detail, hereinafter, and depending upon the signal 
desired to be transmitted to a person located outside of the 
overland vehicle 11, it may be possible to energize all of the 
LEDs 76 and have them remain lighted, to represent a brake 
signal, such as depicted in FIG. lA. Also, it may, 
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alternately, be possible to energize a subset or smaller 
number of the bank of LEDs 76 and have them flash 
intermittently to represent either a left turn signal (as 
shown in FIG. IB) or a right turn signal (as shown in FIG. 
IC) . It may further be possible to energize all of the LEDs 
76 in a rapidly intennittent or strobe-like fashion to signal 
that the vehicle is in reverse, or backing up. Further 
details of the circuitry to accomplish these lighting 
variation are described in detail hereinafter, as are the 
specifics of the optics which are employed to direct the light 
emitted by the light emitting diodes 76 along a predetermined 
path such that it may be viewed by a person positioned outside 
of the vehicle, but which cannot be seen by the operator 30. 
Also forming a part of the circuit board is a thermistor 81, a 
photoelectric eye 82, and other electronic components, wiring, 
and connectors which form a part of the circuitry of the 
present invention, and which will be discussed in greater 
detail hereinafter. As best seen in FIGS. 3 and 4, a 
plurality of discrete pairs of anchoring holes 84 are formed 
in the circuit board and are located adjacent to each of the 
LEDs 76. These individual pairs of apertures serve to secure 
each of the hexagonal reflectors 60 on the circuit board 64. 

FIGS. 6A, 6B, and 6C represent one of the exemplary 
hexagonal reflectors 60. The reflector 60 comprises a 
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hexagonal peripheral edge 86, an internal boundary 88, an 
external boundary 90, two pins 92, and an aperture 94 which is 
defined by the internal boundary. The internal boundary 88 
has a highly reflective surface applied thereto and is shaped 
like an inverted hexagonal, f rusto-pyramid, being formed of 
six sloping flat surfaces 96. Near the apex of the inverted 
f rusto-pyramid is the aperture 94 which is defined by the 
internal boundary. The two pins 92 extend from the external 
boundary 90 and in generally parallel relationship, one to the 
other. The individual pins are matingly received within a 
pair of anchoring holes 84 which are defined by the circuit 
board 64. When each of the reflectors 60 is appropriately 
positioned, the individual apertures 94 are aligned or 
otherwise disposed in registry with the respective LED's so 
that light emitting from that particular LED is reflected 
substantially forward of the forwardly facing surface 80, of 
the circuit board 64 by means of the reflective surface which 
is made integral with the internal boundary 88. This is best 
seen by reference to FIG. 3. When all of the LEDs 76 are 
properly positioned relative to their respective reflectors 
60, the reflectors are disposed in a tightly packed honeycomb 
configuration, such as is depicted in FIGS. 2A and 3, 
respectively. Hexagonal reflectors 60, such as depicted 
herein, are commercially available from Hewlett Packard of San 
Jose, California. 
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Immediately forward of the circuit board 64 and the 
hexagonal reflectors 60 is the array of convexo-convex lenses 
58. As best seen in FIGS. 2B and 3, the array of convexo- 
convex lenses 58 are formed in a single transparent plastic 
piece 98. In the array 58, there is a single convexo-convex 
lens for each of the reflectors 60. The array is configured 
or otherwise arranged such that the center of each of the 
respective convexo-convex lenses are disposed in substantial 
alignment with the beam centers of each of the respective 
LED's 76. The array of convexo-convex lenses 58 further 
serves to collimate the light emitted from the respective LEDs 
and reflected in a forward direction by the reflectors 60 upon 
passage through the convexo-convex lenses 58. 

The baffle assembly 52 is positioned intermediate 
the dichroic mirror 50 and the light source 62. The baffle 
assembly 52 includes a polycarbonate light control film which 
permits artificial light generated by the light source 50 to 
escape from the cavity 68. The light control film, which is 
manufactured by the 3M Company under the trade designation 
LCF-P (light control film-polycarbonate) , is a thin plastic 
film enclosing a plurality of closely spaced, black colored 
microlouvers 69. The light control film is approximately .030 
inches (0.75 millimeters) thick, and the microlouvers are 
spaced approximately .005 inches apart (.127 millimeters). 
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The microlouvers 69 may be a transparent black or an opaque 
black, and further, the microlouvers may be positioned in 
various angular positions to provide a viewing angle, which 
may include angles as narrow as 48° ± 6° or as wide as 90** ± 
15". It should be understood that the baffle assembly permits 
light emitted by the light source 62 to escape within the 
predetermined viewing angle from the cavity 68 and travel 
rearwardly of the overland vehicle 11 along the transmission 
path viewable from a position outside of the vehicle 11. The 
light control film is operable to inhibit or block the light 
emitted by the light source 62 from traveling outside the 
predetermined viewing angle and along the first component 34 
of the second line of sight 3 2 and into the view of the 
operator 3 0 for the case of the mirror assembly 10 mounted on 
the drivers side of the overland vehicle. The light control 
film is further operable to inhibit or block the light emitted 
by the light source 62 from traveling outside the 
predetermined viewing angle and along the first component 34 
of the third line of signal 3 3 and into the view of the 
operator, for the case of the mirror assembly 10 mounted on 
the passenger side of the overland vehicle. This is best seen 
by reference to Figs. ID and IE, respectively. It should be 
apparent, therefore, that the operator may continue to use the 
mirror assembly 10 as a rearview mirror notwithstanding that 
artificial light is being emitted from same and is capable of 
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being seen from a location rearwardly of the mirror assembly 
10. Further, and as best seen in Fig. 2B, and 2C, the light 
control film is disposed in partially occluding relation 
relative to the cavity 68 and in substantial alignment 
relative to the light source 62. 

The baffle assembly 52 has a forwardly facing or 
front surface 76, and a back or rearwardly facing surface 78. 
Further, the light control film is defined by a peripheral 
edge 80. The light control film has a transverse dimension 
which closely fits the interior dimensions of the cavity 68 as 
defined by the frame 66. In an alternate form of the 
invention the light control film could be replaced by one or 
more baffle assemblies which may include several plates, 
louvers or blinds which may be oriented in such a fashion so 
as to permit the signals to emanate into the desired 
illumination zone while inhibiting their observation from 
areas where they might be undesirable or could conceivably 
cause distraction- Furthermore, the frame 66 could be 
designed or rendered operable, for this same purpose, in some 
applications. 

The first and second prismatic lens 54 and 56, 
respectively, are positioned intermediate the dichroic mirror 
50 and the light source 62, and rearwardly of the baffle 
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assembly 52 . The prismatic lenses 54 and 56 serve to bend or 
otherwise direct the collimated light which has passed through 
the array of convexo-convex lenses 58. The light may be bent 
by one of the prismatic lenses toward the predetermined 
viewing angle established by the baffle assembly 62 to 
minimize light losses. The other of the prismatic lenses may 
be used to bend the light up or down relative to the position 
of the mirror assembly 10 as mounted on the vehicle 11. The 
combination of the first and second prismatic lenses 54 and 56 
thereby produce a cone of vision which is substantially 
oriented in a direction where it may be viewed from a position 
rearwardly of the overland vehicle. In particular, it should 
be understood that vehicle platforms, as a general matter, are 
positioned or otherwise located at different distances above 
the surface of the earth. For example, a small sports car 
will place the operators hips a mere 6-9 inches above the 
surface of the earth. In contrast, a tractor-trail operator 
may be located some 9-11 feet above the earth. In order to 
make the present device useful on all vehicle platforms, the 
prismatic lens 54 and 56 are provided. In this regard, each 
prismatic lens bends or otherwise directs the light emitted by 
the light source 62 such that it is angled upwardly or 
downwardly in a predetermined fashion appropriate to the 
height of the vehicle platform. For example, if the device 10 
was mounted on a sports car, the prismatic films would operate 
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in combination to angle the light emitted by the light source 
generally upwardly so it could be seen by the operators of 
higher or taller vehicle platforms such as tractor-trailers or 
the like. Conversely, if the device 10 was employed on a 
tractor-trailer, the prismatic film would operate in 
combination to bend or otherwise direct the light downwardly 
such that it could be seen by the operators of low, or similar 
vehicle platforms such as sports cars, motorcycles, bicycles, 
or the like, 

FIGS, 7 through 15 are schematic representations of 
circuitry which may be utilized in accordance with the present 
invention 10. As denoted hereunder, a "single board" system 
is one in which the circuitry is wholly located at the same 
location as the rest of the physical components of the mirror 
assembly 10, including the dichroic mirror 50, the baffle 
assembly 52, the first prismatic lens 54, the second prismatic 
lens 56, the array of convexo-convex lenses 60, and the light 
source 62. Each mirror assembly is therefore a stand-alone 
system so that a mirror assembly which may be located on the 
driver side of the vehicle 11 operates completely 
independently of a mirror assembly which is located on the 
passenger side of the vehicle 11. A "three board" system is, 
in contrast, one form of the invention in which a portion of 
the circuitry from one mirror assembly 10 is located at the 
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same location as the physical components of the mirror 
assembly, but other portions of the circuitry are located 
remotely from the physical components and shared with another 
mirror assembly • A mirror assembly 10 which may be located on 
the driver side of the vehicle 11, therefore shares certain 
portions of its circuitry with the mirror assembly 10 which is 
located on the passenger side of the vehicle, but the LEDs 76, 
ballast resistors the thermistor 80, the photoelectric eye 82 
are examples of circuitry components which remain independent. 
Each of these elements will be discussed in greater detail 
hereinaf ter. 

The three board system therefore includes: (1) 
circuitry specific to the driver side mirror assembly; (2) 
circuitry specific to the passenger side mirror assembly; and 
(3) central control circuitry which is remote to and jointly 
shared by the driver and passenger side mirror assemblies. An 
advantage of the single board system is that each mirror 
assembly 10 contains its own controls so that a component 
failure in one mirror assembly does not affect the performance 
of the other mirror assembly. Another advantage to the fully 
integrated nature of the single board system is that it keeps 
connections to a minimum and thereby increases reliability. 
For example, when a low cost mirror assembly 10 is designed 
which only includes turn signal capabilities, the single board 
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system has the further advantage of having extremely simple 
electrical interface requirements and costs. On the other 
hand, the three board system has the advantage of eliminating 
redundant control interfaces. By way of further example, when 
a mirror assembly 10 is manufactured which includes 
capabilities such as turn, brake, hazard, and reverse strobe 
signal modes, the three board system appears more cost 
effective. In this regard, the remotely located or 
"satellite" circuit boards have circuitry which is specific to 
the driver side mirror assembly and to the passenger side 
mirror assembly, respectively, and are smaller in size than 
the single board systems, thus allowing for facilitated 
retrofitting into existing frames 66 or for larger arrays or 
banks of LEDs 76. 

As used herein, "step up" voltage regulation refers 
to a stepping up of the voltage of the automobile to a 
constant level, or ceiling. "Step down" voltage regulation 
refers to a stepping down of the voltage of the automobile to 
a constant level, or floor. Because LEDs require constant 
voltage and the voltage of an automobile may be subject to 
fluctuations from any number of different sources, for 
example, a weak battery, an improperly connected battery jump, 
surges or drains by other electrical devices in the 
automobile, or for other reasons, it is necessary that the 
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voltage be stepped up or stepped down to a constant level. To 
understand the advantages of step up voltage regulation versus 
step down voltage regulation, a basic understanding of LED 
characteristics needs to be explained. An LED is a 
semiconductor lamp which operates in a fashion such that when 
voltage reaches a certain threshold level, current begins to 
flow. This current stimulates the molecular structure of the 
LED and, as a result, the lamp emits light. The difficulty in 
controlling the amount of light produced by the LED resides in 
the fact that LEDs are not linear devices, that is, during the 
first few increments of voltage which is applied, no current 
flows. As the voltage increases, some current begins to flow. 
Further, and as yet more voltage is applied, current flow 
increases dramatically. During the manufacture of LEDs, 
variations in the relationship between voltage and current may 
result due to material selection and construction. 
Consequently, precise prediction of the amount of voltage 
required to produce a given amount of light becomes difficult. 
To minimize this problem, a ballast resistor, as discussed 
hereinafter, is placed in series with the LED. As will be 
appreciated, a ballast resistor is generally considered to be 
a linear device and can consequently be relied upon for 
defining the amount of current flow for a given amount of 
voltage. In this regard, the following factors must be 
considered: (1) LEDs require a given amount of voltage in 
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order to create a given amount of light (a non-linear event) ; 

(2) resistors allow a given amount of current flow dependent 
upon the amount of voltage across the device (a linear event) ; 

(3) LEDs have variations in the relationships of forward 
voltage and forward current due to manufacturing tolerances; 
and (4) resistors of small resistance allow for a greater 
difference in the relationship of voltage and current flow 
across the LED. 

In order to achieve a reasonable level of 
regulation, the ballast resistors, noted above, must be of 
predetermined resistance so that the relationship of voltage 
and current of the LEDs do not have that great of an impact on 
column current, and the relationship of voltage and current of 
the resistor. Where step down voltage regulation is employed, 
better current regulation is possible, but more ballast 
resistors are required, thereby adding to the cost and 
complexity of the device 10. Where step up voltage regulation 
is employed, the output of the voltage regulator can be 
designed for optimum cost/benefit performance by reducing the 
number of ballast resistors required. 

FIGS, 7, 8, 9, and 10 collectively represent a 
schematic illustration of the circuitry which will step up 
voltage and wherein three boards are employed. Referring 
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first to FIG. 7, at the box designated by the numeral 500, 
input reverse bias protection and oveirvoltage protection are 
provided. More specifically^ power is provided to the circuit 
board at diode Dl (right turn) , diode D2 (brake) , diode D3 
(left turn) , diode D4 (flashers) , diode D5 (reverse) , and 
diode D6 (ignition) , while simultaneously providing reverse or 
negative protection. OVPl provides overvoltage protection 
while capacitor CI provides filtration. At the box marked 
with the numeral 502, a 9 volt dc power supply is represented. 
Voltage from diodes Dl, D2, D3, D4, D5, and D6 are routed by 
electrical conduits to a linear 9 volt dc voltage regulator 
504. The output of the regulator 504 is filtered by capacitor 
C2, which is then routed to the control electronics which are 
designated by the numeral 506. At numeral 508, Vcar is routed 
to the LED power supply, discussed below. The box labeled by 
the numeral 509 represents the LED array control diode logic. 
The alpha-numeric designation diode D7 (right arrow) ; diode D8 
(brake segment) ; diode D9 (left arrow) ; diode DIO (full 
display) ; and diodes Dll, D12, and D13 provide steering logic 
and are electrically coupled along lines 510, 512, 514, and 
516, respectively, and to array control FETs, explained in 
greater detail below, in order to render operable the desired 
LED arrays for a particular input response. 
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The box designated by the numeral 518 represents the 
reverse strobe oscillator. Integrated chip 520 is a 555 type 
timing circuit. The output of the timer 520 is an 8 hertz 50% 
cycle pulse train. The diode component designated by the 
alpha-numeric designation D14 dumps voltage above 9 volts dc 
back into the 9 volt dc power supply, thus protecting the 
reset pin designated "4." Resistors which are designated R2, 
R3, and capacitor C3 have operational values which facilitate 
the timing oscillations. This creates the required 

output pulse train. Resistor Rl pulls the reset pin "4" low, 
thus stopping the output pulse train whenever voltage is not 
applied to the reverse input pin designated as "3." The diode 
component D15 blocks voltage coming from the flashers pin 
designated as "4," thus protecting the timer. If the timer is 
active, diode D15 is forward biased and provides voltage to 
the LED array control and FETs which are electrically coupled 
along electrical conduits 510, 512, 514, and 516, 
respectively, and which are discussed in greater detail below • 

Referring now to FIG. 8, the ambient light and LED 
temperature feedback network is now described. This portion 
of the circuit is responsible for providing a dc voltage that 
is substantially proportional to the light intensity of the 
ambient background light and which is derated or decreased as 
the temperature of the respective LEDs increases. Referring 
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in particular to the box designated by the numeral 522, and 
during occasions wherein the temperature is below 50**, the 
resistance of PCT thermistor TMPl is approximately 50 ohms. 
This resistance is used in a voltage divider defined by TMPl 
and which is performed by resistor R5. The voltage at the 
node of TMPl and resistor R5 is controlled by the resistance 
of TMPl. During occasions where the temperature is below 50**, 
TMPl is about 50 ohms, which has little effect on the node 
voltage. As the temperature increases to 80" C, the 
resistance of TMPl rises to 2K, thus causing the node voltage 
to become 1/2 Vcc, or 4 1/2 volts. This voltage is connected 
to the collector which is designated as PHTl. PHTl is a 
phototransistor that changes the current gain in a fashion 
which is substantially proportional to the intensity of the 
ambient background light. During "dark" ambient lighting 
conditions, the resultant output voltage is set by the ambient 
temperature and the voltage divider of resistors R4/R6. As 
the background ambient lighting levels increases, more current 
is allowed to flow to resistor R6, thus increasing the output 
voltage. Capacitor C5 is used to control and filter delta 
V/delta T and delta V/ delta light. As shall be understood, 
the portion of the circuitry represented by box 524 is located 
at the same location as the physical components of the mirror 
assembly 10, that is, in the frame 66. The box 522 and the 
box 524 represent a portion of the circuitry specific to the 
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driver side mirror assembly. Further, boxes 526 and 528 
represent a portion of the circuitry specific to the passenger 
side mirror assembly. The operation of the circuitry 
contained in boxes 526 and 528 are therefore analogous to the 
operation of the boxes 522 and 524, respectively, 

FIG. 10 shows an alternate configuration for the 
ambient light and LED temperature feedback circuit portions, 
discussed above. The circuitry located within box 530, as 
depicted in FIG. 10, can be utilized in place of the circuitry 
contained within box 522 shown in FIG. 8. The circuitry of 
FIG. 10 also incorporates an NTC thermistor in place of a PTC 
thermistor. In this configuration, the temperature 
compensation voltage is controlled by the voltage divider 
resistor R5 and TMPl. During normal operation (below 7 0**), 
the resistance of TMPl is great enough so that: 

TMPl X ( 9/(R5 + TMPl)) 

is greater than 7 volts dc. Therefore, D* is in its zenith 
region and limits the voltage across the thermistor TMPl to 7 
volts dc. As the temperature increases, the resistance of the 
thermistor TMPl decreases. As the temperature approaches 75', 



TMPl X ( 9/(R5 + TMPl)) 
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is less than 7 volts dc and derating or decreasing of the 
voltage across the thermistor TMPl occurs. As noted above, 
the configurations of PHTl, and resistors R4, R6, and 
capacitor C6 is identical to the circuitry contained in box 
522 which is illustrated in FIG. 8 and therefore performs in 
the same fashion. The portion of the circuitry shown in box 
53 2 is located at the same location as the physical components 
of the mirror assembly 10, that is, in the frame 66. 

Returning now to TIG. 8, a PWM (pulse width 
modulation) oscillator and level detector is illustrated in 
the box designated by the numeral 534. The components 
illustrated in the box 534 are used to create a sawtooth wave 
form that operates in the range between 3 volts dc to 6 volts 
dc. The frequency of the sawtooth wave is set to a 
predetermined level to cause the cycling to occur at a rate 
great enough so that the display appears to operate at a 
steady state (at a frequency greater than 40 Hertz) . This 
predetermined frequency is kept low enough so as to minimize 
the effects of switching times, and to minimize, to the extent 
possible, heat developed in the array control FETs, which are 
explained in greater detail below. Resistor RIO and capacitor 
C8 set the frequency. Capacitor C7 provides filtration. As 
further illustrated in FIG. 8, the negative terminals of 
comparators IC3a and IC3b are electrically connected to the 
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output of the PWM oscillator. The positive inputs of 
comparators IC3a and IC3b are electrically connected to the 
output of the ambient light and temperature network as 
discussed earlier. Whenever the positive voltage on 
comparators lC3a or lC3b is greater than the negative input, 
the output of the comparator goes to a high state. If, for 
instance, the brakes were applied during the high cycle, 
current would flow through the steering logic diode D8 (box 
509, FIG. 7), through resistors R12 and R13, respectively, and 
then onto the gates "g" of LB FET and RB FET, thereby causing 
the FETs to turn "on" and conduct current from the LED power 
supply (explained below) through the left and right brake 
arrays (shown in FIG. 9, below), and further through resistors 
R18 and R19 (also shown in FIG. 9, below), and finally through 
the FETs, and finally, to ground, thus illuminating the 
display. When the positive input of comparators IC3a or IC3b 
falls below the negative input or, conversely, if the negative 
input is greater than the positive input, the output of 
comparators IC3a or IC3b goes low, that is, to ground. This 
diverts current from the LB and RB FET gates through diodes 
D17 and D18, consequently turning the FETs off which, in turn, 
turns off the display. The FETs and certain logic diodes are 
shown in the box which is designated by the numeral 536 of 
FIG. 8. Electric conduits 510, 512, 514, and 516 are 
individually interconnected between FIGS. 7 and 8. Further, 



R16, R17, R18, R19, R20, R21, and R22, respectively, are each 
ballast resistors in a particular column of LEDs. Box 550 
illustrates the LED power supply. In this regard, the LED 
power supply includes a 555 timer represented by the alpha- 
numeric designator IC5 which develops a 100 kilohertz 
oscillator frequency used to start each step up voltage 
conversion. IC4 is a 555 timer used to trigger, stop 
(theshold) , and reset the inductor charge cycle. During 
start-up of the device 10 the output voltage at capacitor C9 
is at zero volts. This causes comparator IC3d to generate a 
logic high at the reset pin "4" of IC4, that is, (low, stop, 
or reset) . When the reset is high and a trigger pulse is 
presented at IC4 pin "2," the output at pin "3" goes high, 
causing current to flow through inductor INDl, through CFET, 
and then through resistor R24. Additionally, as current 
increases, the voltage developed across resistor R24 also 
increases until it is greater than the voltage across 
capacitor C12. At this point, IC3c presents a logic high 
pulse to IC4 pin "6" (threshold) which, in turn, switches the 
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output to a low state, causing inductor INDl to discharge its 
stored charge through diode D20 to capacitor C9, If the 
voltage at capacitor C9 is below the reset level determined by 
comparator IC3d, the charge/discharge cycle repeats until the 
voltage at capacitor C9 is above the reset level, at which 
time a logic low to be established at IC4 pin "4" causes the 
charge/discharge cycle to terminate. When the display is 
illuminated, electric current will flow from capacitor C9 , 
causing the voltage across capacitor C9 to decrease. Once the 
voltage has decreased below the reset threshold voltage, the 
IC4 reset pin "4" is restored to a logic high condition and 
the inductor INDl begins to charge upon the receipt of the 
next trigger pulse • It is to be noted that the reset 
threshold voltage is scaled by resistors R27 and R28 for 
reference and resistors R25 and R26 for feedback. The 
equivalent voltage is 45 volts dc at capacitor C9. 

As should be understood, FIGS. 7, 8, 10, and 11 
collectively represent a schematic of the circuitry which is 
employed to step down voltage and wherein three separate 
boards are employed. It is to be noted that the operation of 
the circuits shown in FIGS. 7, 8, and 10 apply to situations 
where voltage is stepped down as well as for situations where 
voltage is stepped up. As should be understood, FIG. 11 is, 
however, substituted in place of FIG. 9 for the case of 
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Stepped down voltage regulation; and boxes 552, 554, and 556 
are substituted in place of boxes 546, 548, and 550, 
respectively. The LED power supply represented by the box 
labels 556 is a commercially available powertrain 79SR09 step 
down voltage regulator. 

FIGS. 12, 13, and 14 collectively represent a 
schematic view of circuitry wherein voltage is stepped up and 
a single board is employed. In particular, and referring to 
FIG. 12, at the box designated by numeral 600, input reverse 
bias protection and overvoltage protection are provided. In 
this regard, power is provided to the circuit board at diode 
Dl (brake), diode D2 (turn), diode D3 (flashers), diode D4 
(reverse) , and diode D5 (ignition) while simultaneously 
providing reverse or negative protection. OVPl provides 
overvoltage protection while capacitor CI provides filtration. 
At the box designated as 602, a 9 volt dc power supply is 
shown. Voltage from diodes Dl, D2, D3 , D4, and D5, 
respectively, are routed to a linear 9 volt dc voltage 
regulator 604. The output of the regulator 604 is filtered by 
capacitor C2, which, in turn, is routed to the control 
electronics which are designated by the numeral 606. At 
numeral 608, a Vcar is illustrated and which is routed to the 
LED power supply, discussed below. The box labeled 609 
represents the LED array control diode logic. Diodes D6 
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(brake segment), D7 (left arrow), D8 (full display), and 
diodes D9 and DIO provide steering logic along electrical 
conduits 610 and 612, respectively, to array control FETs, 
which are explained in greater detail below. The array 
control FETS enable or render operable the desired LED arrays 
for a particular input response. Box 618 represents the 
reverse strobe oscillator. Integrated chip 620 is a 555 type 
timer. The output of the timer is an 8 hertz 50% cycle pulse 
train. Diode D14 dumps voltage above 9 volts dc back into the 
9 volt dc supply, thereby protecting the reset pin designated 
by the numeral "4." Resistors R2, R3, and capacitor C3 have 
predetermined operational values which are required by the 

timing oscillations in order to create the required output 
pulse train. Resistor Rl pulls the reset pin "4" low, thus 
stopping the output pulse train whenever voltage is not 
applied to the reverse input pin which is designated as '^S." 
Diode Dll blocks the voltage coming from the flashers pin "4," 
thus protecting the timer. If the timer is active, diode Dll 
is forward biased and provides voltage to the LED array 
control FETs along electrical conduits 610 and 612, which are 
explained in greater detail below. 

FIG. 13 illustrates the ambient light and LED 
temperature feedback network. The circuitry represented by 
the boxes 622 and 624 is directly analogous to the circuitry 



wo 94/12368 



PCT/US93/11747 



46 

represented by the boxes 522 and 524 and the description of 
such is not repeated herein for the sake of brevity. FIG. 10, 
which shows an alternate configuration for the ambient light 
and LED temperature feedback network, is also applicable here 
as was the case of the single board system. 

Returning now to FIG. 13, a PWM (pulse width 
modulation) oscillator and level detector is represented by 
the box labeled 634. FETs and certain logic diodes are shown 
in box 636 of FIG. 13. The circuitry represented in the boxes 
634 and 636 of FIG. 13 is directly analogous to the boxes 534 
and 536 of FIG. 8 with the exception that there are two FETs 
(T FET and B FET) and one comparator (IC3a) instead of four 
FETs (LT FET, LB FET, RT FET, and RB FET) . The reason for 
this difference is that a single board system controls one 
half of the number of LED arrays that a three board system 
does. The three board system will control the functioning of 
a mirror assembly 10 on both the driver and passenger sides, 
whereas a single board system will control the functioning of 
a mirror assembly 10 on only one side of the vehicle. 

In FIG. 14, box 64 6 represents the left brake and 
turn arrays, respectively. Resistors RIO, Rll, R12, and R13 
are each ballast resistors in a particular column of LEDs. At 
the box designated 650, the LED power supply is shown. The 
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LED power supply includes a 555 timer represented by IC5 which 
develops a 100 kilohertz oscillator frequency used to start 
each step up voltage conversion. IC4 is a 555 timer used to 
trigger, stop (theshold) , and reset the inductor charge cycle. 
During start-up of the system the output voltage at capacitor 
C8 is at zero volts. This causes comparator IC3d to generate 
a logic high at the reset pin designated as number "4" of IC4 
(low, stop, or reset) . When the reset is high, and a trigger 
pulse is presented at IC4 pin "2," the output at pin "3" goes 
high, thereby causing current to flow through inductor INDl, 
through CFET, and then subsequently through resistor R24. As 
will be appreciated, as current increases, the voltage 
developed across resistor R15 also increases until it is 
greater than the voltage across capacitor C12. At this point, 
comparator IC3c presents a logic high pulse to IC4 pin "6" 
(threshold) which, in turn, switches the output to a low 
state, thereby causing inductor INDl to discharge its stored 
charge through diode D14 to capacitor C8. If the voltage at 
capacitor C8 is below the reset level determined by comparator 
IC3d, the charge/discharge cycle repeats until the voltage at 
capacitor 08 is above the reset level, at which time a logic 
low to be established at IC4 pin "4" causes the 
charge/discharge cycle to terminate. When the display is 
illuminated, current will flow from capacitor C8, thereby 
causing the voltage across capacitor C8 to decrease. Once the 



wo 94/12368 



PCT/US93/11747 



48 

volt:age has decreased below the rese't threshold voltage, the 
IC4 reset pin "4" is restored to a logic high condition and 
the inductor INDl begins to charge upon the receipt of the 
next trigger pulse. It is to be noted that the reset 
threshold voltage is scaled by resistor R18 and R19 for 
reference, and resistors R16 and R17 provide feedback. The 
equivalent voltage is approximately 45 volts dc at capacitor 
C8. 

FIGS. 12, 13, and 15 collectively represent a 
schematic illustration of the circuitry wherein voltage is 
stepped down and a single board is employed. It is to be 
noted that the description for FIGS. 12 and 13 apply equally 
for the case of where voltage is stepped down as for the case 
where voltage is stepped up. FIG. 15 is, however, substituted 
for FIG. 14 in the situation where stepped down voltage 
regulation is desired, and boxes 652 and 654 are substituted 
for boxes 646 and 650. The LED power supply represented by 
the box 654 is a commercially available powertrain 79SR09 step 
down voltage regulator. 

It is contemplated that the mirror system 10 of the 
present invention could further be integrated with other well- 
known assemblies. An example of such integration would be the 
incorporation of a heater (not shown) to apply heat to the 
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dichroic mirror 50. This is particularly advantageous where 
the mirror assembly 10 is a side view mirror which is 
positioned on the exterior of the vehicle 11. As will be 
appreciated, the exterior mounted, side view mirrors are 
susceptible to being occluded or obscured by snow, ice, or 
fog, thereby resulting in unsafe driving conditions. The use 
of a heater enables the driver 20 to switch the heater on and 
clear the mirror 50 from the convenience of the passenger 
compartment 14. The heater may be of several different 
possible types. One variety may be the use of a filament 
based heater, such as a heater which is imbedded in an acrylic 
substrate and which may be applied to the surface which is 
heated, i.e. the dichroic mirror. This may be accomplished by 
a pressure sensitive adhesive. A suitable commercially 
available heater is sold under the Scotch* brand trade 
designation "Hi Temperature Acrylic" and which is manufactured 
by the 3M Company. Another possible approach may be to use an 
opaque heater which is positioned on the second or reajrwardly 
facing surface 72 of the dichroic mirror 50 in a selective 
manner such that the heater does not occlude the transmission 
path of the light source 70. Yet another possible heater 
arrangement would be to apply a clear conductive coating with 
high resistance to the dichroic mirror 50. 
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Another possible use of other prior art assemblies 
in combination with the mirror assembly 10 may be the use of 
an electrochemical or electrochromic cell which is used to 
automatically adjust the opacity of the dichroic mirror 50. 
It may be desirable to adjust the opacity of the dichroic 
mirror upon the striking of a high intensity headlight beam 
which is reflected into the eyes of the operator 30. The 
electrochemical cell (not shown) may be of either gel-type or 
solid slate. The opacity may then be altered by application 
of voltage to the cell. The greater the voltage applied, the 
greater the opacity provided by the cell. Upon sensing of a 
high intensity headlight beam, voltage may be introduced to 
the cell which in turn increases the opacity and thereby 
reduces the possibility of blinding of the operator 30. 

OPERATION 

The operation of the described embodiments of the 
present invention are believed to be readily and are briefly 
summarized at this point. 

In the operation of the mirror assembly 10, a 
desired warning signal, that is, braking, turn signal, reverse 
(strobe) , or flasher, is induced in the LED 76 array by the 
actions of the operator 30. For example, the brake pedal 25 
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may be depressed, which lightis the entire array of USDs 76 
(FIG. lA) . Further, and upon operation of the hand operated 
signaling switch 27, a subset of the array of LEDs 76 is 
lighted in a flashing manner to provide a visual signal to 
other drivers in the vicinity that the vehicle 11 may change 
directions, turn, change lanes, or the like (FIG. IB or IC) . 
Upon operation of the hazard signal, the entire array of LEDs 
76 is lighted in a flashing manner. For the case of a 
shifting into reverse, the array of LEDs may be lighted in a 
strobe or rapidly intermittent fashion. 

When the LED array 76 is lighted, the light 
emanating therefrom is directed forward and collimated by the 
reflectors 60 and the array of convexo-convex lenses 58. The 
collimated light is then bent by first and second prismatic 
lenses 54 and 56, and selectively directed along a desired 
transmission path by the baffle assembly 52. The dichroic 
mirror 50 then preferentially passes the wavelengths 
corresponding with the spectral band selected. The light 
emanating from the LED's is invisible to the operator 30 
because of the action of the baffle assembly 52. To the 
operator 30, the mirror assembly 10 continues to operate as a 
standard side view mirror. 
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The circuitry described herein is operable to adjust 
the intensity of the light emanating from the LED array 76 
according to environmental conditions of heat and intensity of 
the ambient lighting conditions. As earlier discussed, and 
since the performance of LEDs may be adversely affected by 
heat, and because LEDs in a closely compacted area under 
continuous and extended use may produce excessive heat, a 
condition may be introduced whereby the LEDs 7 6 are damaged 
due to exposure to heat. Where the LED array 76 is on 
continuously and for extended periods of time, as for example, 
when the overland vehicle 11 is stopped in a traffic jam, or 
at a railroad crossing, the circuitry will reduce the 
intensity of the LEDs to prevent overheating. It should be 
noted that conditions which cause the LEDs to be used 
continuously and for extended periods, and which cause the 
subsequent reduction in the intensity of the LEDs, do not 
create a hazard inasmuch as the most important time to 
communicate a warning signal appears to be at the initiation 
of the signal, as, for example, upon first signaling others 
that braking is occurring and where instantaneous reaction by 
an adjourning operator is required. The present invention 
actively derates or degrades the drive level of the LEDs down 
under conditions of excessive heat detected by the thermistor 
81 which might otherwise cause failure in the LEDs due to the 
exposure of the LED's to excessive heat. 
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The circuitry of the mirror asseitJDly 10 also senses 
the ambient light level and adjusts the light level emanating 
from the LEDs 76, Where there is only one brightness level 
for signaling devices, which is typically set to be 
sufficiently bright under daytime conditions, the light 
emanating from such signaling devices under darkened or 
nighttime conditions may be excessive and distracting to other 
drivers • Further, as applied to the mirror assembly 10, a 
side glow may be perceptible to the driver under such darkened 
conditions and may be distracting to the driver 30. By use of 
the photoelectric eye 83, the LEDs may be dimmed under 
darkened conditions without compromising the performance of 
the mirror assembly 10 as the light output remains entirely 
adequate to warn or signal others in the vicinity of the 
overland vehicle 11. 

It is to be understood that although the mirror 
assembly 10 of the present invention has been characterized as 
a side view mirror in an automobile 11, it may be applicable 
to other uses as well. It should be apparent that the present 
invention may, for example, be incorporated into other 
rearview mirrors for other overland vehicles, such as tractor- 
trailer, heavy truck and even motorcycles. The present 
invention may also be applicable to other non-vehicular 
applications. 
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It is to be understood that the invention is not 
restricted to the specific optics or circuitry herein 
depicted, as there may be equivalent optics or circuitry which 
may carry out the same functions. For example, holographic 
optic elements may be substituted for the conventional optic 
elements herein depicted. It is yet further to be understood 
that the invention is not confined to the particular 
construction and arrangement of parts herein illustrated and 
described, but embraces all such modified forms as come within 
the scope of the following claims. 
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Having described our invention, what we claim as new 
and desire to secure by Letters Patent is: 

1. A mirror assembly comprising: 

(a) a dichroic mirror having a first, forwardly 
facing surface and a second, rearwardly facing surface, 
the dichroic mirror allowing a predetermined narrow 
spectral band of light to pass from the second surface 
through the first surface, and reflecting a broad 
spectral band of visible light which strikes the first 
surface and which originates from a location forward of 
the first surface; 

(b) a light source positioned rearwardly of the 
second surface and emitting light in the predetermined 
narrow spectral band of light passed by the dichroic 
mirror; and 

(c) an electrical circuit for adjusting the light 
output of the light source in response to the ambient 
light level. 

2. A mirror assembly as claimed in Claim 1, and 
wherein the light source is an array of light-emitting diodes. 
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and wherein the mirror assembly further includes an electrical 
circuit for adjusting the light output of the light-emitting 

diodes in response to the ambient light level. 

3 . A mirror assembly as claimed in Claim 2 , and 
wherein the mirror assembly further comprises: 

(a) a plurality of reflectors positioned 
intermediate the light-emitting diodes and the dichroic 
mirror, each reflector disposed in light reflecting 
relation relative to the individual light-emitting diodes 
in the array of light-emitting diodes, the reflectors 
directing light in a direction substantially forward of 
the mirror assembly; 

(b) an array of convexo-convex lenses positioned 
intermediate the reflectors and the dichroic mirror, each 
of the lenses disposed in substantial registry with the 
individual reflectors, the convexo-convex lenses 
collimating the light in a direction substantially 
forward of the mirror assembly; 

(c) a baffle assembly positioned intermediate the 
convexo-convex lenses and the dichroic mirror, and which 
permits the light emitted by the light-emitting diodes to 
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travel along a selected transmission path, and wherein 
the reflection of the broad spectral band of visible 
light may be viewed in the dichroic mirror outside of the 
selected transmission path, and wherein the light emitted 
by the light source is not readily visible outside the 
selected transmission path; and 

(d) a prismatic lens positioned intermediate the 
convexo-convex lens and the baffle assembly, and wherein 
the prismatic lens* shifts the direction of the light 
along the selected transmission path. 

4. A mirror assembly as claimed in Claim 1, and 
wherein the mirror assembly is supplied with a fluctuating 
voltage, and wherein the mirror assembly further includes an 
electronic circuit for stepping the voltage up to a constant 
level for energizing the light source. 

5. A mirror assembly as claimed in claim 1, and 
wherein the mirror assembly is supplied with a fluctuating 
voltage, and wherein the mirror assembly further includes an 
electric circuit for stepping the voltage down to a constant 
level for energizing the light source. 
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6, A mirror assembly as claimed in Claim l, and 
wherein the dichroic mirror further includes a means for 
adjusting the opacity of the dichroic mirror in response to 
the ambient light level. 

7. A mirror assembly comprising: 

(a) a dichroic mirror having a first, forward 
facing surface and a second, rearward facing surface, the 
dichroic mirror allowing a predetermined narrow spectral 
band of light to pass from the second surface through the 
first surface, and wherein the dichroic mirror reflects a 
broad spectral band of visible light which strike the 
first surface and which originates from a direction 
forward of the first surface; 

(b) a light source positioned rearwardly of the 
second surface and emitting light in the predetermined 
narrow spectral band of light passed by the dichroic 
mirror; and 

(c) means for adjusting the light output of the 
light source in response to the ambient heat level. 
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8. The mirror assembly of Claim 7 wherein the 
light source is an array of light-emitting diodes and the 
mirror assembly further comprises: 

(a) a plurality of reflectors positioned 
intermediate the light-emitting diodes and the dichroic 
mirror, each reflector disposed in individually light 
reflecting relation relative to a light-emitting diode in 
the array of light-emitting diodes, the reflectors 
directing light in a direction substantially forward of 
the mirror assembly; 

(b) an array of convexo-convex lenses positioned 
intermediate the reflectors and the dichroic mirror, each 
of the lenses substantially aligned relative to a 
reflector, the convexo-convex lenses collimating the 
light in a direction substantially forward of the mirror 
assembly; 

(c) a baffle assembly positioned intermediate the 
convexo-convex lenses and the dichroic mirror, and which 
permits the light emitted by the light -emitting diodes to 
travel along a selected transmission path, and wherein 
the reflection of the broad spectral band of visible 
light may be viewed in the dichroic mirror outside of the 
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selected transmission path, and wherein the light emitted 
by the light source is not readily visible outside the 
selected transmission path; and 

(d) a prismatic lens positioned intermediate the 
convexo-convex lens and the baffle assembly, and wherein 
the prismatic lens shifts the direction of the light 
along the selected transmission path. 

9. A mirror assembly as claimed in Claim 1 , and 
wherein the mirror assembly is supplied with a fluctuating 
voltage, and wherein the mirror assembly further includes an 
electronic circuit for stepping the voltage up to a constant 
level for energizing the light source. 

10. A mirror assembly as claimed in Claim 7 and 
wherein the mirror assembly is supplied with a fluctuating 
voltage, and wherein the mirror assembly further includes an 
electronic circuit for stepping the voltage down to a constant 
level for energizing the light source. 

11. A mirror assembly as claimed in Claim 7, and 
wherein the dichroic mirror further includes a means for 
adjusting the opacity of the dichroic mirror in response to 
the ambient light level. 
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12. A mirror assembly comprising: 

(a) a dichroic mirror having a first, forwardly 
facing surface, and a second rearwardly facing surface, 
and wherein the dichroic mirror allows a predetermined 
narrow spectral band of light to pass from the rearward 
facing surface through the forward facing surface, and 
when the dichroic mirror reflects a broad spectral band 
of visible light which originates from a direction 
forward of the forwardly facing surface; 

(b) an array of light-emitting diodes positioned 
rearwardly of the second surface and emitting light in 
the predetermined narrow band of light passed by the 
dichroic mirror; 

(c) a plurality of reflectors positioned 
intermediate the light-emitting diodes and the dichroic 
mirror, each reflector disposed in substantially light 
reflecting relation relative to individual light-emitting 
diodes in the array of light-emitting diodes, the 
reflectors directing light in a direction substantially 
forward of the mirror assembly; 
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(d) an array of convexo-convex lenses positioned 
intermediate the reflectors and the dichroic mirror, each 
of the lenses disposed in substantial registry with each 
of the respective reflectors, the convexo-convex lenses 
collimating the light in a direction substantially 
forward of the mirror assembly; 

(e) a baffle assembly positioned intermediate the 
convexo-convex lenses and the dichroic mirror, and which 
permits the light emitted by the light-emitting diodes to 
travel along a selected transmission path, and wherein 
the reflection of the broad spectral band of visible 
light may be viewed in the dichroic mirror outside of the 
selected transmission path, and wherein the light emitted 
by the light source is not readily visible outside the 
selected transmission path; and 

(f) a prismatic lens positioned intermediate the 
convexo-convex lens and the baffle assembly, and wherein 
the prismatic lens shifts the direction of the light 
along the selected transmission path. 

13. A mirror assembly as claimed in Claim 12, and 
wherein the mirror assembly is supplied with a fluctuating 
voltage, and wherein the mirror assembly further includes an 
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electronic circuit for stepping the voltage up to a constant 
level for energizing the light source. 

14. A mirror assembly as claimed in Claim 12, and 
wherein the mirror assembly is supplied with a fluctuating 
voltage, and wherein the mirror assembly further includes an 
electronic circuit for stepping the voltage down to a constant 
level for energizing the light source. 

15. A mirror assembly as claimed in Claim 12, and 
wherein the dichroic mirror further includes a means for 
adjusting the opacity of the dichroic mirror in response to 
the ambient light level. 

16. A mirror assembly comprising: 

(a) a dichroic mirror having a forwardly facing 
first surface and a rearwardly facing second surface, the 
dichroic mirror allowing a predetermined narrow spectral 
band of light to pass from the rearwardly facing surface 
through the forwardly facing surface, and wherein the 
dichroic mirror reflects a broad spectral band of visible 
light which originates from a direction forwardly of the 
first surface; and 
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(b) a light source positioned rearwardly of the 
second surface and emitting light in the predetermined 
narrow spectral band of light passed by the dichroic 
mirror, and wherein the mirror assembly is supplied with 
a fluctuating voltage, and wherein the mirror assembly 
further includes an electronic circuit for stepping the 
voltage up to a constant level for energizing the light 
source . 

17. A mirror assembly as claimed in Claim 16, and 
wherein the dichroic mirror further includes a means for 
adjusting the opacity of the dichroic mirror in response to 
the ambient light level. 



18. A mirror assembly comprising: 

(a) a dichroic mirror having a forwardly facing 
first surface and a second, rearwardly facing surface, 
and wherein the dichroic mirror allows a predetermined 
narrow spectral band of light to pass from the reairwardly 
facing surface through the forwardly facing surface, and 
wherein the dichroic mirror reflects a broad spectral 
band of visible light which originates from a direction 
forwardly of the first surface; and 
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(b) a light source positioned rearwardly of the 
second surface, and emitting light in the predetermined 
narrow spectral band of light passed by the dichroic 
mirror, and wherein the mirror assembly is supplied with 
a fluctuating voltage, and wherein the mirror assembly 
further includes an electronic circuit for stepping the 
voltage down to a constant level for energizing the light 
source . 

19. A mirror assembly as claimed in Claim 18, and 
wherein the dichroic mirror further includes a means for 
adjusting the opacity of the dichroic mirror in response to 
the ambient light level - 

20- A mirror assembly comprising: 

(a) a dichroic mirror having a forwardly facing 
first surface and a rearwardly facing second surface, and 
wherein the dichroic mirror allows a predetermined narrow 
spectral band of light to pass from the rearwardly facing 
surface through the forwardly facing surface, and wherein 
the dichroic mirror reflects a broad spectral band of 
visible light which originates from a direction forward 
of the first surface; and 



wo 94/12368 



PCT/US93/11747 



66 

(b) a light source positioned rearwardly of the 
second surface and emitting light in the predetermined 
narrow spectral band of light passed by the dichroic 
mirror, and wherein the mirror assembly is supplied with 
a fluctuating voltage, and wherein the mirror assembly 
further includes a means for stepping the voltage up to a 
constant level for energizing the light source, and 
wherein the dichroic mirror further includes a means for 
adjusting the opacity of the dichroic mirror in response 
to the ambient light level. 
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